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TECHNIQUE FOR TEMPERATURE
MEASUREMENT AND CALIBRATION OF
SEMICONDUCTOR WORKPIECES USING

INFRARED

FIELD

This disclosure relates to temperature measurement of
workpieces, more particularly, to temperature measurements
of silicon workpieces using infrared sensors.

BACKGROUND

Ion implantation is a standard technique for introducing
conductivity-altering impurities into a workpiece. A desired
impurity material is ionized in an ion source, the ions are
accelerated to form an ion beam of prescribed energy, and the
ion beam is directed at the surface of the workpiece. The
energetic ions in the beam penetrate into the bulk of the
workpiece material and are embedded into the crystalline
lattice of the workpiece material to form a region of desired
conductivity.

Recently, higher temperature implants, such as above 100°
C., have shown promise. For example, FinFET amorphiza-
tion implants have shown the potential for single crystal
regrowth when performed at temperatures exceeding 100° C.
These recited temperatures are those of the workpiece itself.
Techniques for workpiece temperature measurement are lim-
ited by the requirements of the processing environment. For
example, thermocouples attached to the workpiece are
impractical. Alternatively, thermocouples mounted to the
platen are of limited use, as the temperature of the platen may
differ from that of the workpiece due to problems associated
with establishing good thermal contact between the platen
and the workpiece. Additionally, the optical properties of
silicon make the application of common infrared techniques
difficult or impossible.

Thus, any method that allows for calibration and measure-
ment of the temperature of a workpiece in a processing cham-
ber would be beneficial.

SUMMARY

An improved system and method of measuring the tem-
perature of a workpiece in a processing chamber is disclosed.
Because silicon has very low emissivity in the infrared band,
a coating is disposed on at least a portion of the workpiece.
This coating may be carbon based or any other material that
can be readily applied, and has a relatively constant emissiv-
ity over the temperature range of interest in the infrared
spectrum. In one embodiment, a coating of carbon is applied
to a portion of the workpiece, allowing the temperature of the
workpiece to be measured by observing the temperature of
the coating. This technique can be used to calibrate a process-
ing chamber, validate operating conditions within the pro-
cessing chamber, or to develop a manufacturing process.

According to one embodiment, a processing system is
disclosed. The processing system comprises a platen; a cali-
bration workpiece disposed on the platen; an IR camera using
a range of wavelengths in an infrared spectrum to determine
a temperature of the calibration workpiece; and a coating
disposed on a portion of an upper surface of the calibration
workpiece, the coating having a nearly constant emissivity
over a range of temperatures at the range of wavelengths.

According to a second embodiment, a method of calibrat-
ing a workpiece process is disclosed. The method comprises
maintaining a heated platen in a process chamber at an
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elevated temperature greater than 100° C.; introducing a cali-
bration workpiece to the process chamber, the calibration
workpiece comprises a coating on a portion of its upper
surface, the coating having a nearly constant emissivity over
a desired temperature range; placing the calibration work-
piece on the heated platen; monitoring a temperature of the
calibration workpiece over time by focusing an IR camera at
the portion; and recording a time for the calibration work-
piece to reach a predetermined temperature. In a further
embodiment, the method further comprises processing a
workpiece after the recording, wherein the processing com-
prises: placing the workpiece on the heated platen; waiting a
predetermined amount of time; and processing the workpiece
after the waiting, where the predetermined amount of time is
determined based on the recorded time for the calibration
workpiece to reach the predetermined temperature.

According to another embodiment, a method of validating
a workpiece manufacturing process is disclosed. The method
comprises introducing a first workpiece into a process cham-
ber; disposing the first workpiece on a heated platen in the
process chamber, the heated platen at an elevated temperature
greater than 100° C.; processing the first workpiece while on
the heated platen; introducing a calibration workpiece into
the process chamber in a same manner as the first workpiece
was introduced, wherein the calibration workpiece comprises
a coating on a portion of its upper surface, the coating having
anearly constant emissivity over a desired temperature range;
measuring a temperature of the calibration workpiece using
an IR camera focused at the portion having the coating; and
verifying the temperature is within an acceptable range. In a
further embodiment, the method further comprises introduc-
ing a second workpiece into the process chamber after veri-
fying the temperature is within the acceptable range; dispos-
ing the second workpiece on the heated platen in the process
chamber; and processing the second workpiece while on the
heated platen. In another further embodiment, the method
further comprises performing a corrective action if the tem-
perature is not within the acceptable range.

According to another embodiment, a method of processing
a workpiece at an elevated temperature is disclosed. The
method comprises applying a coating to a first portion of an
upper surface of the workpiece, the coating having a nearly
constant emissivity about a desired temperature range; plac-
ing the workpiece on a heated platen; focusing an IR camera
at the first portion so as to monitor a temperature of the
workpiece; processing a second portion of the workpiece, the
second portion different from the first portion; and adjusting
a temperature of the heated platen based on the monitored
temperature of the workpiece while the workpiece is being
processed so as to maintain the workpiece at the elevated
temperature, wherein the elevated temperature is greater than
100° C.

BRIEF DESCRIPTION OF THE DRAWINGS

For a better understanding of the present disclosure, refer-
ence is made to the accompanying drawings, which are incor-
porated herein by reference and in which:

FIG. 1 is a graph showing the spectral emissivity of silicon;

FIG. 2 is a thermal image of a heated platen;

FIG. 3 is a thermal image ofa silicon workpiece held above
a heated platen by lift pins;

FIG. 4 shows a representative configuration of an IR cam-
era, a workpiece and a platen;

FIG. 5 shows an unheated calibration workpiece disposed
on a heated platen;
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FIG. 6 shows the calibration workpiece of FIG. 5 after it
reaches the desired temperature;

FIG. 7 shows arepresentative flowchart used to monitor the
temperature change of a workpiece;

FIG. 8 shows a representative flowchart used to validate a
manufacturing process; and

FIG. 9 shows a representative flowchart using closed loop
temperature control.

DETAILED DESCRIPTION

As described above, the optical properties of silicon make
the use of infrared techniques to measure temperature diffi-
cult or impossible. FIG. 1 shows the spectral emissivity of
silicon at a plurality of temperatures and wavelengths. The
wavelengths represented in this graph are those associated
with the infrared spectrum used by traditional infrared cam-
eras. Emissivity is a measure of a material’s ability to emit
energy via radiation. As seen in FIG. 1, at low temperatures,
silicon loses its ability to emit any radiation in the infrared
spectrum, having an emissivity of near zero. As the tempera-
ture of the silicon increases, the emissivity of the silicon also
increases. At 800° C., the emissivity of silicon is nearly con-
stant at close to 0.7. This optical behavior is problematic for
several reasons.

First, at a particular wavelength in the infrared spectrum,
the emissivity of silicon changes as a function of its tempera-
ture. Therefore, using an infrared camera that operates at a
single wavelength or a narrow range of wavelengths, it is
impossible to relate the emitted radiation to an actual tem-
perature. Infrared cameras measure emitted radiation at a
particular wavelength or narrow range of wavelengths, and
based on the amount of emitted radiation and the emissivity of
the material, determine the material’s temperature. A non-
constant emissivity at that particular wavelength makes it
impossible for an infrared camera to determine the material’s
temperature using only one wavelength. Thus, traditional IR
cameras are unable to accurately determine the temperature
of'silicon at lower temperatures.

Second, the near zero emissivity of silicon at low tempera-
tures means that any infrared measurements that are recorded
are actually associated with the material disposed beneath the
silicon. FIG. 2 shows a thermal image of an exposed platen
100, which is at a temperature of nearly 500° C. The platen
100 may be heated by the introduction of hot liquids into
passages disposed within the platen 100. Alternatively, the
platen 100 may be heated through the use of electrical heating
elements disposed in the platen 100. The ring of dots 10
around the circumference of the platen 100 may represent
passageways through which back side gas is fed toward the
back side of the workpiece. This backside gas improves the
conduction of heat from the platen 100 to a workpiece dis-
posed thereon. The three regions 15 closer to the center of the
platen 100 may represent the lift pins used to lift the work-
piece from the platen 100 after processing. Dot shaped
regions 20 may represent ground pins, used to remove charge
from the workpiece.

FIG. 3 shows the same platen, now covered by a silicon
workpiece 300. The silicon workpiece 300 is being held
above the heated platen by the 3 lift pins. As this is a top view,
the platen is under the workpiece, such that the workpiece 300
is disposed between the IR camera and the platen. A repre-
sentation of this configuration is shown in FIG. 4. FIG. 4
shows the IR camera 200 disposed above the platen 100. The
silicon workpiece 300 is disposed on the lift pins, thereby
separating the silicon workpiece 300 from the platen 100. The
thermal image in FIG. 3 suggests that the silicon workpiece
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300 is at a temperature of between 400° C. and 500° C.
However, the actual temperature of the silicon workpiece is
actually much closer to 50° C., although this cannot be deter-
mined based on the thermal image. This is because the ther-
mal image is actually recording and measuring the tempera-
ture of the platen 100, albeit somewhat attenuated by the
silicon workpiece 300 disposed in front of it.

FIG. 5 shows a thermal image of a calibration workpiece
400 disposed on a heated platen, where a portion 410 clearly
appears to be at a different temperature than the rest of the
calibration workpiece 400. This portion 410 may have a pat-
tern in the shape of two orthogonal diameters. In other
embodiments, this portion 410 may be a single diameter. This
portion 410 had been previously coated with a coating that
has a nearly constant emissivity in the infrared spectrum. In
this disclosure, the term “nearly constant emissivity”” denotes
that the emissivity of the material changes less than 20% over
a desired temperature range. In other embodiments, the sub-
stance may have emissivity changes of less than 10% over the
desired temperature range. Furthermore, in situations where
the target final temperature is known, the term “nearly con-
stant emissivity” may denote that the emissivity of the sub-
stance over a narrow temperature range, such as within 50° C.
of the target final temperature, is less than 10%, or in some
embodiments 5%. The IR camera typically uses a fixed emis-
sivity value, which is a good approximation at temperatures
close to the target final temperature. In some embodiments,
the fixed emissivity used by the IR camera is equal to the
emissivity at the target final temperature. Thus, the IR camera
readings will be accurate at temperatures near the target final
temperature. In this way, the temperature measurement for
those portions 410 is known to be accurate, while the rest of
the calibration workpiece 400 may be indeterminate. In other
words, the thermal image of FIG. 3, which suggests that the
workpiece is at a temperature of between about 400° C. and
500° C. is inaccurate. Rather, only the coated portion 410
represents the actual temperature of the workpiece 400.

FIG. 6 shows the same calibration workpiece 400 after it
has been disposed on the hot platen for an extended period of
time. Note that the portion 410 now reflects a temperature that
is very close to that of the heated platen. This reflects the
actual temperature of the workpiece 400. Note that the
remainder of the calibration workpiece 400 still appears to be
at a slightly higher temperature than it actually is.

In FIGS. 5 and 6, the calibration workpiece 400 has been
coated with a substance with nearly constant emissivity over
temperature at the desired wavelength. In some embodi-
ments, the desired wavelength is between 1.0 um and 3.0 um.
In other embodiments, the desired wavelength may be
between 3.0 um and 5.0 um. In other embodiments, the
desired wavelength may be between 7.5 um and 14 pm. In yet
other embodiments, the desired wavelength can be between
1.0 um and 14 pum. In these figures, the coating has been
applied to two orthogonal diameters 410, however the coating
can be applied in any desired pattern.

For example, a colloidal suspension of graphite and water
can be brushed onto the upper surface of the workpiece. In
this embodiment, the colloidal suspension may be brushed
onto the upper surface of the workpiece in any desired pattern.
The workpiece, now referred to as a calibration workpiece,
can be used in any of the procedures described herein.

However, there are numerous other materials that may be
used to coat the workpiece, one such coating is a high tem-
perature black coating. Other materials are also possible and
the disclosure is not limited to a particular material. Rather,
the inclusion of the high temperature black coating was to
demonstrate the availability of various materials that would
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be applicable. Crystalline boron also has a nearly constant
emissivity in the temperature range from 300° C. to 650° C.
and may be applied as a plasma spray. As stated above, any
material that has a nearly constant emissivity over a wide
range of temperature at the wavelength used by the IR camera
may be employed. In some embodiments, this temperature
range may be 0° C. to 600° C. In other embodiments, the
temperature range may be 300° C. to 600° C. In yet other
embodiments, the temperature range may be 400° C. to 600°
C. Those materials that can be sprayed, brushed or otherwise
easily applied to the surface of the workpiece may be benefi-
cial. The coating allows the temperature of the silicon work-
piece to be accurately measured using traditional IR cameras.

In some embodiments, the coating is only applied to a
portion of the upper surface of the workpiece 400. For
example, FIGS. 5 and 6 show the portion 410 where the
material has been applied is in the shape of two orthogonal
diameters. However, in other embodiments, the entire upper
surface of the calibration workpiece 400 may be coated to
allow the thermal behavior of the entire calibration workpiece
400 to be monitored. In other embodiments, the portion may
comprise only a single diameter that is coated on the work-
piece. The coating may be applied in any pattern.

For example, by coating the entire upper surface, the tem-
perature uniformity of the entire workpiece can be precisely
determined using thermal images. Points that are at a different
temperature, such as those directly above the lift pins, can be
readily identified. In another embodiment, the use of one or
more diameters, as shown in FIGS. 5 and 6, allows uniformity
to be estimated as a function of distance from the center of the
workpiece. In other words, it may be assumed that the tem-
perature of the workpiece is in some way related to the dis-
tance from the center of the workpiece, where the center of the
workpiece is likely to be at the highest temperature. Thus, the
use of one diameter may allow the temperature of any point on
the workpiece to be estimate based on its distance from the
center of the workpiece. The use of more than one diameter
may allow more complex extrapolation of the temperature
profile of the workpiece.

In other embodiments, the temperature uniformity of the
workpiece may not be desired or useful. For example, it may
be sufficient to simply sample the temperature of the work-
piece at a single point. In this embodiment, the coating may be
applied to the entirety of the upper surface or to just a portion
of the upper surface. The IR camera may then focus specifi-
cally on an area of the workpiece where the coating has been
previously applied. This allows a simple, quick determination
of workpiece temperature. Any of these techniques may be
used with the procedures described herein.

The use of a coating has several advantages over other
techniques. For example, once the upper surface has been
coated, the calibration workpiece 400 can be introduced into
the manufacturing process in the same manner as any other
workpiece. In other words, there are no special steps required
to employ the specially coated calibration workpiece 400.
This allows a variety of calibration procedures to be devel-
oped.

For example, in a first embodiment, a process is desired
that implants a workpiece when that workpiece has reached a
predetermined temperature. A calibration workpiece, as
described above, may be used to develop the desired process,
as shown in FIG. 7. To achieve this, the platen, which is
located within the processing chamber, may be maintained at
an elevated temperature, such as above 100° C., as shown in
operation 700. The calibration workpiece may be introduced
into the processing chamber in the same manner as other
workpieces. For example, in some embodiments, the calibra-
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tion workpiece is placed in a load lock, as shown in operation
710. The calibration workpiece is then removed from the load
lock by a robotic mechanism, located within the processing
chamber, as shown in operation 720. The robotic mechanism
can then place the calibration workpiece on the platen, as it
would any other workpiece, as shown in operation 730. The
calibration workpiece has a coating that has a nearly constant
emissivity over a desired temperature range. In this embodi-
ment, the desired temperature range may be a 100° C. range
centered around the elevated temperature of the platen. For
example, at an elevated temperature of 300° C., the desired
temperature range would be 250° C. to 350° C. Using tradi-
tional IR cameras, the temperature of the calibration work-
piece 400 may be accurately measured and monitored, as
shown in operation 740. Therefore, the wait time for the
workpiece to reach the desired temperature can be accurately
measured and recorded, as shown in operation 750. This time
can then be used to create a process that implants workpieces
at the desired elevated temperature. To improve the statistical
validity of the measured time, a plurality of calibration work-
pieces may be used to calibrate the process. The plurality of
calibration workpieces may all be introduced into the pro-
cessing chamber in the manner described above and shown in
FIG. 7.

Once this wait time has been determined, workpiece can
then be introduced into the process chamber through the load
lock and placed on the heated platen. After waiting the wait
time, the workpiece can then be processed. The wait time may
be determined in operation 750 of FIG. 7.

In a further embodiment, the temperature uniformity of the
calibration workpiece can be obtained as well. For example,
in one embodiment, the coating is applied to the entirety of
the upper surface of the calibration workpiece. The IR camera
200 is then focused at a plurality of points on the upper
surface to create a thermal image. In another embodiment, the
coating is applied to at least one diameter of the upper surface
of the calibration workpiece. The IR camera 200 is then
focused at a plurality of points on the diameter. Based on this,
the temperature uniformity of the calibration workpiece can
be estimated. This estimate may relate temperature to dis-
tance from the center of the calibration workpiece. The use of
more than one diameter may allow more complex estimations
to be performed.

In a second embodiment, a process is desired that implants
a workpiece when that workpiece has reached a predeter-
mined temperature. Unlike the first embodiment, in this
embodiment, the platen is heated only after the workpiece is
placed thereon. As before, the calibration workpiece has at
least a portion of its upper surface coated with a substance
having a near-constant emissivity at the frequency used by the
IR camera. The calibration workpiece may be introduced into
the processing chamber in the same manner as other work-
pieces, and as shown in operations 710-730 of FIG. 7. For
example, in some embodiments, the calibration workpiece is
placed in a load lock. The calibration workpiece is then
removed from the load lock by a robotic mechanism, located
within the processing chamber. The robotic mechanism can
then place the calibration workpiece on the platen, as it would
any other workpiece. The platen is then heated and, using
traditional IR cameras, the temperature of the calibration
workpiece may be accurately measured and monitored.
Therefore, the time for the workpiece and platen to reach the
desired temperature can be accurately measured. This time
can then be used to create a process that implants workpieces
at the desired elevated temperature. In a further embodiment,
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as described above, the temperature uniformity of the work-
piece can be measured or estimated using the technique
described above.

In a third embodiment, thermocouples or other tempera-
ture sensors are disposed on the platen 100. The IR camera
200 is used to monitor the temperature of the calibration
workpiece 400. The calibration workpiece 400 may enter the
processing chamber as shown in operations 710-730 of FIG.
7. Thereafter, a correlation between platen temperature and
workpiece temperature can be created.

While the calibration workpiece may be useful in the
developing manufacturing processes as described above,
there are other applications for the calibration workpiece. For
example, in one embodiment, the calibration workpiece may
be introduced into the processing chamber during normal
operation.

The introduction of the calibration workpiece during nor-
mal operation allows the creation of a thermal profile using an
IR camera. In this way, the operation of the manufacturing
process can be verified. For example, over time, the thermal
coupling between the platen and the workpiece may change.
This change may be caused by variations in clamping force
between the platen and the workpiece; changes in flow rate of
the back side gas that is directed toward the back side of the
workpiece, or other causes. This change in thermal coupling
may affect the ultimate temperature of the workpiece during
implant, thereby affecting the resulting product. By introduc-
ing a calibration workpiece during normal operation, the ther-
mal coupling can be verified with minimal impact to the
operation. This calibration wafer may be introduced in the
same manner as normal workpieces, and may or may not
actually be processed in the processing chamber. Rather, its
purpose is to allow periodic validation of the process, by
allowing actual workpiece temperatures to be measured with-
out impacting the operation of the processing chamber. In
other words, it is not necessary to perform any special proce-
dures to introduce the calibration workpiece and to determine
actual workpiece temperatures.

A flowchart representing the use of a calibration workpiece
during normal operation is shown in FIG. 8. First, as shown in
operation 800, a workpiece is placed in the load lock. This
workpiece is then removed by arobotic mechanism within the
processing chamber and placed on the platen, as shown in
operation 810. The platen may be heated to an elevated tem-
perature to facilitate high temperature processing of the work-
piece, such as ion implantation. The workpiece is then pro-
cessed, as shown in operation 820. After processing is
complete, the workpiece is removed from the platen by the
robotic mechanism. The sequence of operations 800-820 may
be repeated a plurality of times. At some point, a calibration
workpiece 400 is placed in the load lock as shown in operation
830. This calibration workpiece 400 is removed from the load
lock by the robotic mechanism and placed on the platen, in the
same manner as a normal workpiece, as shown in operation
840. The calibration workpiece has a coating that has a nearly
constant emissivity over a desired temperature range. In this
embodiment, the desired temperature range may be a 100°
range centered around the elevated temperature of the platen.
After the calibration workpiece 400 has been placed on the
platen, its temperature can be monitored and measured, as
shown in operation 850. As explained above, this may allow
validation that the thermal coupling between the platen and
the workpieces is still within acceptable limits. If the tem-
perature is unacceptable, a corrective action may be initiated,
as shown in operation 860. This may include changing the
temperature of the platen 100, cleaning the platen, or some
other action. If the temperature has been validated, the cali-
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bration workpiece 400 is removed from the platen 100, as
shown in operation 870. After this, more workpieces may be
processed normally, according to the sequence in operations
800-820.

In a further embodiment, the temperature uniformity of the
calibration workpiece can be obtained as well. For example,
in one embodiment, the coating is applied to the entirety of
the upper surface of the calibration workpiece. The IR camera
200 is then focused at a plurality of points on the upper
surface to create a thermal image. In another embodiment, the
coating is applied to at least one diameter of the upper surface
of the calibration workpiece. The IR camera 200 is then
focused at a plurality of points on the diameter. Based on this,
the temperature uniformity of the calibration workpiece can
be estimated. This estimate may relate temperature to dis-
tance from the center of the calibration workpiece. The use of
more than one diameter may allow more complex estimations
to be performed.

In another embodiment, workpieces that have a small por-
tion of the workpiece that is coated are processed in the
processing chamber, as shown in FIG. 9. In other words, these
calibrated workpieces act as both calibration workpieces and
normally processed workpieces. These calibrated workpieces
may be processed under temperature feedback from the IR
camera. In this embodiment, a small portion of the workpiece
that is not used for product may have the coating applied
thereto, as shown in operation 900. This allows the processing
operation to be performed in a closed loop manner, instead of
the open loop calibration described above. For example, the
temperature of the calibrated workpiece can be monitored
while it is being processed, and immediate corrections can be
made by adjusting the temperature of the platen in real time.
This technique would be applicable where more stringent
temperature control during workpiece processing may be
desirable. Thus, after the coating is applied to a portion of the
surface, the calibrated workpiece is moved to the platen, as
shown in operation 910. The calibrated workpiece can then be
processed, as shown in operation 920, in the same fashion as
other workpieces are typically done. While the calibrated
workpiece is being processed, the IR camera may be continu-
ously monitoring the temperature of the calibrated work-
piece, by focusing on the coated portion, as shown in opera-
tion 930. The monitored temperature of the coated portion is
then used to control the temperature of the platen 300, as
shown in operation 940. This allows tighter temperature con-
trol than may otherwise be possible. After the calibrated
workpiece has been processed, it is removed from the platen,
as shown in operation 950. Another calibrated workpiece can
then be processed using the sequence shown in FIG. 9.

The techniques described in this application have
described its use with respect to silicon workpieces. While
these techniques are appropriate for silicon, they are useful
for other materials that have low or variable IR emissivity in
the working temperature ranges. As an example, quartz also
has a large emissivity variation. The emissivity of quartz may
vary for a value of nearly 0.9 at 20° C. to a value of almost 0.3
at750° C. The calibration technique would be similarly appli-
cable to quartz workpieces. Any other material with variable
emissivity over the desired temperature range may also ben-
efit from this technique.

The present disclosure is not to be limited in scope by the
specific embodiments described herein. Indeed, other various
embodiments of and modifications to the present disclosure,
in addition to those described herein, will be apparent to those
of ordinary skill in the art from the foregoing description and
accompanying drawings. Thus, such other embodiments and
modifications are intended to fall within the scope of the
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present disclosure. Furthermore, although the present disclo-
sure has been described herein in the context of a particular
implementation in a particular environment for a particular
purpose, those of ordinary skill in the art will recognize that
its usefulness is not limited thereto and that the present dis-
closure may be beneficially implemented in any number of
environments for any number of purposes. Accordingly, the
claims set forth below should be construed in view of the full
breadth and spirit of the present disclosure as described
herein.

What is claimed is:

1. A processing system, comprising:

a platen;

a calibration workpiece disposed on said platen;

an IR camera using a range of wavelengths in an infrared

spectrum to determine a temperature of said calibration
workpiece; and

a coating disposed on a portion of an upper surface of said

calibration workpiece, said coating having a nearly con-
stant emissivity over a range of temperatures at said
range of wavelengths.

2. The processing system of claim 1, wherein said range of
temperatures is between 0° C. and 600° C.

3. The processing system of claim 1, wherein said coating
comprises carbon.

4. The processing system of claim 1, wherein said coating
is applied along a diameter of said upper surface.

5. The processing system of claim 1, wherein said coating
is applied on an entirety of said upper surface.

6. The processing system of claim 1, wherein said range of
wavelengths is between 1.0 um and 14.0 um.

7. A method for calibrating a workpiece process, compris-
ing:

maintaining a heated platen in a process chamber at an

elevated temperature greater than 100° C.;
introducing a calibration workpiece to said process cham-
ber, said calibration workpiece comprises a coating on a
portion of its upper surface, said coating having a nearly
constant emissivity over a desired temperature range;
placing said calibration workpiece on said heated platen;
monitoring a temperature of said calibration workpiece
over time by focusing an IR camera at said portion; and

recording a time for said calibration workpiece to reach a

predetermined temperature.

8. The method of claim 7, further comprising processing a
workpiece after said recording, wherein said processing com-
prises:

placing said workpiece on said heated platen;

waiting a predetermined amount of time; and

processing said workpiece after said waiting, where said

predetermined amount of time is determined based on
said recorded time for said calibration workpiece to
reach said predetermined temperature.

9. The method of claim 7, wherein said desired temperature
range is a 100° C. range centered about said elevated tem-
perature.

10. The method of claim 7, wherein said coating is applied
to an entirety of said upper surface of said calibration work-
piece, and further comprising determining a temperature uni-
formity of said calibration workpiece by focusing said IR
camera at a plurality of points on said upper surface.

11. The method of claim 7, wherein said portion comprises
a diameter of said upper surface, and further comprising
estimating a temperature uniformity of said calibration work-
piece by focusing said IR camera at a plurality of points on
said diameter.
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12. A method of validating a workpiece manufacturing
process, comprising:

introducing a first workpiece into a process chamber;

disposing said first workpiece on a heated platen in said

process chamber, said heated platen at an elevated tem-
perature greater than 100° C.;

processing said first workpiece while on said heated platen;

introducing a calibration workpiece into said process

chamber in a same manner as said first workpiece was
introduced, wherein said calibration workpiece com-
prises a coating on a portion of its upper surface, said
coating having a nearly constant emissivity over a
desired temperature range;

measuring a temperature of said calibration workpiece

using an IR camera focused at said portion having said
coating; and

verifying said temperature is within an acceptable range.

13. The method of claim 12, further comprising:

introducing a second workpiece into said process chamber

after verifying said temperature is within said acceptable
range;

disposing said second workpiece on said heated platen in

said process chamber; and

processing said second workpiece while on said heated

platen.

14. The method of claim 12, further comprising perform-
ing a corrective action if said temperature is not within said
acceptable range.

15. The method of claim 12, wherein said introducing
comprises:

placing a workpiece in a load lock; and

removing said workpiece from said load lock using a

robotic mechanism disposed within said process cham-
ber.

16. The method of claim 12, wherein said desired tempera-
ture range is a 100° C. range centered about said elevated
temperature.

17. The method of claim 12, wherein said coating is applied
to an entirety of said upper surface of said calibration work-
piece, and further comprising determining a temperature uni-
formity of said calibration workpiece by focusing said IR
camera at a plurality of points on said upper surface.

18. The method of claim 12, wherein said portion com-
prises a diameter of said upper surface, and further compris-
ing estimating a temperature uniformity of said calibration
workpiece by focusing said IR camera at a plurality of points
on said diameter.

19. A method of processing a workpiece at an elevated
temperature, comprising:

applying a coating to a first portion of an upper surface of

said workpiece, said coating having a nearly constant
emissivity about a desired temperature range;

placing said workpiece on a heated platen;

focusing an IR camera at said first portion so as to monitor

a temperature of said workpiece;

processing a second portion of said workpiece, said second

portion different from said first portion; and

adjusting a temperature of said heated platen based on said

monitored temperature of said workpiece while said
workpiece is being processed so as to maintain said
workpiece at said elevated temperature, wherein said
elevated temperature is greater than 100° C.

20. The method of claim 19, wherein said desired tempera-
ture range is a 100° C. range centered about said elevated
temperature.



